
M-:W9 
OB'l>EAHHEHHIIA HHCTHTYT ff.nEPHYX HCCJIE,QOBAHHA 

nABOPATOPH~ TEOPETHqECKOA $H3HKH 

MAJIYWKHH 
8Jia,nHMHp reoprHeBHl.l 

4 - 8471 

MO~EJIH CHJibHYX H CJIABLIX 83AHMO~EACTBHR 

CneUHaJibHOCTb 01.04.02 - MaTeMaTHlleCKWI 

H TeopeTHl.10CKaH qlH3HKa 

A BTOpe4,epaT ,QHccepTBQHH HB COHCKBHHe y11eHol CT808HN 

K8H.llH,ll8T8 4'H3HKO·M 8TeM8TH'l8CKHX HBYK 

(.llHccepT8UHR ff8DHC8H8 H8 pyCCKOM A3~Ke) 

.ny6Ha 1974 



P860T8 Bl:illOnHeHa B la6op8TOpHH TeopeTHqecKOI ipll8111KH 

06~8'Al!H8HHOro HHCTHTYT8 R'A8PHlilX HCCll8'AOB8Hd, 

Haytffll:i8 pyKOBOAHTe:nH: 'AOKTOP qlH8HK0-118T8M8THqecKHX H8YK 

r.B.mHMOB~ 

88B8AYDllll'11 K8ql8'Ap0l TeopeTHqecKol H H'A8PHOI 

4>111a11KH CrY, npoqieccop A.C.mEXTEP 

04)HIOJ8l!J:,HI:i8 onnoHeHTY: 'AOKTOp qJH8HK0-118T8118THqecKHX H8YK 

B.A.MElUEPaKOB 

K8HAH'A8T qlH8HKO-M8T8M8THqecKHX H8YK 

B.A.IIETPYHbKllli 

BeAy~ee H8Y'lfflO--IICCll8'AOB8T8llJ:,CK08 yqpeX'A8HHe: 

'1HCTHTYT qlH8HKll1 BYCOKRX aaeprHI, CepnyxoB 

ABTopeqiepaT paaocnaH" " I97 r. 

88IIIIIT8 'AHCC8P'f8IOJH COCTOHTCR n n 197 r. H8 

88C8'A8HHH YqeHoro CoBeTa Aa6opaTop111111 TeopeT111qeCKOI qJH8111Kll1 06~8'AH

H8HHOro HHCTHTyTa fi'A8PHYX IIICCJI8'AOB,aH!d, MOCKOBCKOI 06JI8CTH. 

C 'AHCC8PT8UH8l MOXHO 08H8KOIIHTJ:,CR B 6H6JIHOT8K8 0!.lliH. 

YqeHYI ceKpeTap:r:. CoBeTa P.A.ACAHOB 

MAJlhllllKlffi 
8JiaAHMHp reoprHeBHq 

4 - 8471 

MOAEJIM CMJibHhlX H CJIABhIX B3AMMOAEMCTBMtt 

Cne~HaJibHOCTb 01.04.02 - MaTeMaTJ1qecKa.S1 

H TeopeTHqecKa.SI q>H3HKa 

A BTOpe4>epaT AHCcepTBUHH HB COHCKBHHe yqeaon CTeneHH 

KBHAHABTB cl>H3HKO-M aTeMaTH'leCKHX HBYK 

( ilHCCepT8UHSI H8nHC8HB HB pyccKoM Sl3btKe) 

Ou1,;;.,J:tme:.m!!lfi t1'i:!CTtlfYT I 
::::cj:l.!Ll:i ctc.i:cnoa~nnil 

6t,,1GIIV.OTEKA 



B nocne'AHee BpeMH B HayqeHHH HepeHOPMHpyeMhlX B38HMO'AeHCTBHtt 

yCHnHHMH H8CKOHLKHX rpynn TeopeTHKOB 'AOCTHrHyT onpe'AeneHHhltt npo

rpecc. Hccne'AOB8HHH Be'AyTCH B,'ABYX OCHOBHhlX HanpaBneHHHX. C OAHOH 

CTOPOHhl t npe'AllPHHHM8IOTCH llOllhlTKH nocTpoeHHH peHop1mpyeMhlX B8pH8H

TOB TeopHH CHHLHhlX H cna6hJX B38HMOAeHCTBHttl1/. C Apyron CTOPOHhl, 

paapa68ThlB8lOTCH M8TeM8THqecKH8 MeTO'Ahl, llO3BOHH!Oll!He KoppeKTHO o6pa

ll!8TLCH C narp8HEH8H8MH HepeHOPMHpyeMoro THna. 

'AHccepT81.IMH llOCBHll!eHa 8H8HH3Y PH'A8 qlH3HqeCKHX MO'Aenett, CBfl38H

HhlX C nocne'AHHM H8npaBJ18HHeM. 

nHccepT8UHH COCTOHT H3 BB8'AeHHH, qeTblpex rnaB H 38KnIOqeHHH. 

Bo BB8AeHHH KP8TKO o6cy~aIOTCH cymeCTBYIOll!He MO'A8HH CHHLHhlX H cna-

6ux B38HMO'AeHCTBHtt. 

B nepBOH rnaBe npHBO'AHTCH OCHOBHhle peaynLT8Thl H8IlOK8HLHOH MO

'A8HH cna6hlX H aneKTpouarHHTHhlX B38HMOAeHCTBHH {B H3JIOMeHHH Mhl ,cne

'AY8M pa60T8M/2 , 3/ r.B.EqiHMOB8 H COTPY'AHHKOB). rnaBHOH HAeett MOAe

Jll,{ HBnHeTCH HA8H O H.enOKBJILHOM xapaKTepe B38HMOAeHCTBHH HeilTp8JIL

HliX qaCTHU C 38pHE8HHUMH TOK8UH. 

BBe'AeHHe HenoKBJILHOCTH B TeOpHIO npHBOAHT aqiqieKTHBIIO K TOMY, 

qTo npH nocTpoeHHH KO3qlqlHUHeHTHhlX qiyHKUHH s -M8TpHUhl B Pfl'AY Teo

PHH BO3MYllleHHH H3MeHHIOTCH nponaraTOphl HettTp8IlLHhlX nonett. Hanpauep, 

'AJIH aettTpHHO 
1 
p ---

8'AeCL V (- Pi t,2) - qiopuqiaKTop, onHChl,BBIOll!Htt o6nacu HenoKanLHoro 

B8814MOAettcTBHH, 8 napaweTp tJ - aneueHT8pH8H 'AJ1HH8, xapaKT8pH-

3YIOlll8H paawephl 3TOH o6naCTH. 
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XOTH IlOHBJieH11e ~OpM~8KTOpa B nponaraTopax HettTp8JILHblX qacTim 

03HaqaeT HBHOe BBeAeHl16 WYHKU110H8JILHOrO npOH3BOJI8 B onpeAeJieHHH 

g - MBTP11Ubl, cxeya B uenoM He T6pH6T CBoett ueHHOCTl1. B pawtax 

H6JIOK8JILHOii TeOpHH YABeTCH CTporo L!8T6M8Tl1qecKH AOK838TL Bb1Il01IJI6-

Hll6 T8KHX WYHA8M6HT8JILHblX npl1HUllilOB, K8K yHHT8PHOCTL, npHqHHHOCTL, 

peJIHTl1Bl1CTCK8fl H rpaAHeHTHBfl HHB8pl18HTHOCTL, qTo Il03BOJifleT cquTaTL 

ee OAHOil 113 Ha116onee o6uui:x B08MOlltHOCTeil KOppeKTHOro on~C8HHfl Hepe

HOpMnpyeMHX B8811MOAeilcTBHtt, COBMeCTHMoro co BCeMH Tpe60B8HHHMH 

KBBHTOBOll T60pHH IlOJIH. 

PaCCMOTpeHHD WH3HqeCKl1X CJieACTBHtt HeJIOK8JILHOtt MOA6JIH CJI86HX H 

8Jl6KTPOM8rHHTHblX B38HMOA6HCTBHil IlOCBH~eHa rnaBa rr. 
0CHOBH8fl TPYAHOCTL, B03HHK8D~8fl npH cpaBH6HHH peayJILTBTOB 

pacqeTa_ B paMKBX 8TOH MOA6JIH C 'ABHHHMH 8KCnepHM6HT8, o6ycnoBJI6H8 

npOH3BOJIOM, llM6D~HMCfl B MO'A6HH. HanOMHHM, qTo npOH3BOn IlOA06Horo 

IlOAXO'A8 - 8TO: 

I) npOH3BOJI B Bb16ope 'ABYX KOHCTBHT, CBfl38HHblX C perynHpH38UH

ett 38pHlK6HHblX UHKJIOBj 

2) WYHKUHOHBJILHbltt npoHaBon B BH6ope HenoKanLHOr~ WCPMWBKTopa; 

3) nponaBon, CBH3BHHHil c BenuqHHoil 11 aaTpaBoqHott 11 KOHCTBHTbl 

CBH3H H6HTPHH-HellTpllHHHX B38HMOA6HCTBHil, B03HHK8ID~HX npn npOB6A6-

HHH nepeHOPMHPOBKH MO'A6JIH. "· 
~Jlfl Toro qT06bl o6ollTH nepeq11cJI6HHbl6 TPY'AHOCTl1, H606XOAHL!O 

nepBOHaqanLHO ycTBHOBHTL orpaH11qeH11H, 'Al1KTY6Mble COBP6M6HHHM 8KCne

Pl1M6HTOM, HB T8KH6 napaueTpbl MOAenn, KBK aneueHT8pH8fl AJIHHB tJ 
.11 KOHCTBHTB CBHBH h HettTpHH-HeilTpHHHIDC B3BHMOAeilcTBHil. AHanua 

'A8HHblX no npoBepKe KBBHTOBOR 8H6KTPOAHH8MHKH B npeUH3HOHHblX 8KCne-

PHM6HTax14/, a T8KX6 cneKTPB , -p8Cil8A8 C yqeTOM ~-~ B38H-
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MOA6llCTBHH/S, G/ noaBOJIHJI 38KJIDqHTL 1 qTO 

e.J) 10-IG CM H h m/ ~ (I.2+2.3) C · ro5 . 

88M6THM, qTo nocneAH66 H3 npnBeA6HHblX orpBHHqeHHti HB OAHH-AB8 no

PH'AKB nyqwe CYlll6CTBOB8BWHX npexAe/7/ H xopowo cornacyeTCH C 'A8HHblMH 

sKcnepHMCHTOB/8/ no 11a:r.1epeHHD h . 
~anee IlOK83blB86TCfl, qTo H3B6CTH8fl COBOKynHOCTL 8KCnepHM6HTOB 

no pacceHHHD HeiiTpHHO (BHTHHeilTpllHO) H8 aneKTPOHe AOilYCKaeT 06LHC-. 

H6HHe B p8L!K8X H6JIOK8JILHOH MOAeJIH cna6b1X H 8JieKTPOMBrHHTHblX B88H

MOAettcTBHti, npH 8TOM npOH8BOJI nOAXOA8 CBOAHTCH K ABYMnapaMeTp8M 

(aneMeHTBpHaH AJIHHB 11 aapHAOBblil paAHYC HeiiTpHHo), 8AHHHM AJIH Bcex 

8KCnepHM6HTOB/9 , IO/. 

Ilp6ACK8~b1B88L!06 orpam1qeHHe AJlfl ceqeHHfl peBKUHH '.Jr e ..., ~e 

cr(ie) ~ o.2s·ro-4I E.J cu2/aneKTPOH 

He npOTHBOpeqHT nocneAHHM ABHHblM/II/ 

c:r(0re) ~ 0.88·I0-4I EJ cM2/aneKTPOH. 

TBKHM o6paaoM, HeJIOKBHLHYID MOA6HL cnaObIX H aneKTPOMBrHHTHblX 

B38HMOAeilCTBHti MOlKHO cqHT8TL W6HOM8HOJIOrHqecKott cxeuon, npnrOAHOti 

AHH onHCBHHH BblCWHX nopHAKOB TeOpllll B08MY~6Hlltt BnJIOTL AO 8Heprutt 

E ~ IOO rsB H coAePlKB~eil nHmL ABB npo11aBonLHblX napaueTpa. 

B rnaBe lil npoBOAHTCH pacc110TpeHHe MOAenH Ji N -BaaHMoAeticT

BHtt C nceBAOB6KTOPHOti CBH8LD. OCHOBHblMH HeAOCT8TK8L!H 8TOil MOAenH, 

88TPYAHHID~HMH ee AeTanLHblH 8H8HH8, flBJlflIDTCH: HenepeHOpMHpyeMOCTL 

MO'A8JIH H HenpHM6HHMOCTL TeOpllH B03MY~6Hllli 'ABlKe AJlfl HH3K08HepreTH

qecKmc 8~6KTOB (nOCKOJILKY KOHCTBHTB CBH3H B6HHKa). 
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B § 2 IlOK838HO, K8K C IlOMO~I,D npoue.ztYpH cyiompoB8HHH P8,lllCOHA8-

-EoronD60B8-loryHOB8-lliHpKOBa/I2/, npHMeHeHHOll K H8KOTOPOMY Ha6opy 

AHBrpaMM AHH Me30HHOH WYHKUHH I'pHHa, H nocneAyD~en neperpynnHpOB

KH PHA8 TeopHH B03My~eHHll, MOEHO A06HTI,CH nepeHOpW'lpyeMOCTH MO,It8-

n/I3/. 

C ~HaHqeCKOH TOqKH apeHHH YK838HH8H Bblme npoueAYP8 COOTBeT

CTByeT qaCTHqHoMy yqeTy BHHHHHH poJK)(eHHH HyKnOH-8HTHHyKnOHHb!X nap. 

0.ztH8KO 8TOT s~eKT naqHH8eT CKa3HBaTI>CH npH cpaBHHT8HI,HO 6onI>WHX 

saeprHHX. ~nH aaanH38 Ee HH3K08HepreTHqecKHX npoueccoB B nepByD 

oqepeAI> HeOOXOAHMO yqeCTI, (XOTH Obi OTq8CTH) BHHHHHe IlHOHHOrO OOH8-

K8 HyKnoaa. STa 38.ztaqa pewaeTCH B § 3 C noMO~I,D TOH Ee npoueAYPb!, 

HO npHMeHeHHOH K Haoopy AHarpawM AHH HYKHOHHOH WYHKUHH I'pHHa. B 

§ 4, 5 B pawKax npe.ztnOE8HHOH MOAenH BblqHCHHDTCH AllHHbl S -BOHH 

Ji Iv - pacceHHHH, a T8KE6 BKH8A HHawero nopHAK8 TeOpHH Boawy~eHHH 

B sneKTPOMarHHTHYD p83HOCTI, Mace npOTOH8 H HettTpoHa. 

IlonyqeHHble anaqeHHH .ztnHH/I4/ 

a1- a3 = 0.290 

01 • 2a~ = -o.037 

H8XOAfiTCH B xopomew cornaCHH C ,lt8HHb!MH 8KCnepHM8HT8, 8 p83HOCTI, 

Mace npOTOHa H HettTpOH8 

SH .,_ MP- H,., = -0.455 MsB 

COBna.ztaeT no 3H8KY H nopH)ll(Y BenHqHHbl C 8KCil8PHMeHT8HI,Hb!M anaqe

HHeM 

Sl1 = -I,293 MsB. 

B qeTBepTott rnaBe noKaaaao, K8K MO.ztHWHUHPY~Tca npe.ztno~enautt 

aBTopow MeTo.zt npH aaanHae wo.ztenH
0 J Ji -11aaHMo.zteHCTBHtt. Ha npHwepe 
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8TOtt MOA8HH oco6eHHO QTqeTHHBO npoaBnHIOTCH npeHMy~eCTBa npoue.ztYpb! 

cywimpoBaHHH PeAUOH.zta-EoronD60Ba-~oryHOB8-illHpKOBa, CBH38HHbl6 C 

T8M, qTo npoue.ztYp8 MOE8T cnyUTI, K8K AHR perynHpH38UHH BKna,ztOB 

OTA8nI>Hb!X AHarpaww, T8K H .ztllH qaCTHqnoro Bb!XO,zt8 aa p8MKH oouqaott 

TeOpHH B03MY~8HHtt. 

B § 3 npoBO.ztHTCH waaoButt aaanHa awnJIBTY.zthl Jj.Ji -pacceHHHH, a 

B § 4 BHqHcn~Hbl aaaqeHHH 88PfiAOBOro paAHyca H sneKTpowarHHTHOro 

wopwwaKTopa nHoHa B o6nacTH nepeAaq -0.2 < t < I.O I'sB2• Ilonyqen

aue peaynI>T8Tbl xopomo cornacyDTCH C A8HHb!MH 8KCnepHM6HTOB. 3aweTHM 

T8KX8, qTo .ztnH nepeAaq -0.2 < i < 0.5 raB2 npeACKa3aHHH Hamett MO

A8HH .ztnH sneKTpowarHHTHoro wopwwaKTopa nHoHa npaKTHqecKH coBnaAa

DT co aaaqeHHHMH, nonyqeHHb!MH B pa6oTe/IS/ c nowo~I,D .ztHcnepCHOHHb!X 

COOTHOWeHHtt. 
~ 

B 38KnDq8HHH KpaTKO 06CYE'A8DTCH nonyqeHHbl8 B AHCC8pT8UHH pe-

aynI>TaTbl. 

PeaynI>T8Tbl AHCC8pT8UHH AOKH8Ab!BanHCI, H8 ill MeEAYHBPO'AHOM co

B8~8HHH no H8HOK8HI,Hb!M T80PHHM nonH, aa cewHHapax lT~ Ollil", ~HAH 

CCCP, CrY H ony6nHKOB8Hbl B pa6oTaxl4 , 5, 6 , 9, 13/. 
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